Rehabilitative ultrasound (US) imaging is one of the popular methods for investigating muscle morphologic characteristics and dimensions in recent years. The reliability of this method has been investigated in different studies. As studies have been performed with different designs and quality, reported values of rehabilitative US have a wide range. The objective of this study was to systematically review the literature conducted on the reliability of rehabilitative US imaging for the assessment of deep abdominal and lumbar trunk muscle dimensions. The PubMed/MEDLINE, Scopus, Google Scholar, Science Direct, Embase, Physiotherapy Evidence, Ovid, and CINAHL databases were searched to identify original research articles conducted on the reliability of rehabilitative US imaging published from June 2007 to August 2017. The articles were qualitatively assessed; reliability data were extracted; and the methodological quality was evaluated by 2 independent reviewers. Of the 26 included studies, 16 were considered of high methodological quality. Except for 2 studies, all high-quality studies reported intraclass correlation coefficients (ICCs) for intra-rater reliability of 0.70 or greater. Also, ICCs reported for inter-rater reliability in high-quality studies were generally greater than 0.70. Among low-quality studies, reported ICCs ranged from 0.26 to 0.99 and 0.68 to 0.97 for intra-and inter-rater reliability, respectively. Also, the reported standard error of measurement and minimal detectable change for rehabilitative US were generally in an acceptable range. Generally, the results of the reviewed studies indicate that rehabilitative US imaging has good levels of both inter-and intra-rater reliability.
L ow back pain (LBP) is one of the most common and costly health problems throughout the world.
1,2 About 40% of adult the population report LBP during their lifetime. [3] [4] [5] Trunk stabilizer muscles such as the deep abdominal and lumbar multifidus play a major role in providing stability and preventing LBP. 6 These muscles are considered key elements of lumbar stability. 6 Functional deficits and morphologic changes in trunk stabilizer muscles have been shown in patients with LBP. [7] [8] [9] [10] Atrophy of paraspinal muscles is one of the common consequences of LBP. 11 Hides et al 12 reported that about 24 hours after onset of lumbar disk herniation, the crosssectional area of the lumbar multifidus may decrease, and consequently, paraspinal muscle atrophy may affect trunk proprioception. 13 Therefore, it seems that trunk muscle dimensions and function are important factors in the evaluation and treatment of patients with LBP.
There are a number of methods for evaluating muscle activity and morphologic characteristics, such as electromyography, 14 magnetic resonance imaging, 15 biopsy, 16 computed tomography, 17 and rehabilitative ultrasound (US) imaging. 18, 19 Among these, rehabilitative US imaging is reported to be a low-risk, cost-effective, portable, and clinically accessible method compared to electromyography, computed tomography, biopsy, and magnetic resonance imaging. 20 Reliability is one of the important psychometric properties of a measurement tool. 21 It is defined as "the degree to which measures are free from error and, therefore, yield consistent results." 22 Adequate reliability is necessary for accurate measurement using any tool or instrument. 21 There are many studies that have evaluated the reliability of rehabilitative US imaging for measurement of trunk muscle dimensions. The reliability of rehabilitative US imaging for measurement of trunk muscles dimension has been reported to have a wide range, depending on the target population, patient's position, muscle state, and other influencing factors. Hebert et al 23 previously conducted a systematic review on the reliability of rehabilitative US imaging to evaluate abdominal and lumbar multifidus muscles from its beginning to May 2007. Therefore, this study was designed to systematically review published articles from June 2007 to August 2017 to determine whether rehabilitative US imaging is a reliable method for measuring abdominal and lumbar multifidus muscle dimensions in healthy individuals and patients with LBP. Furthermore, it also aimed to determine important parameters for rehabilitative US imaging to be clinically applied as a reliable, effective, and generalizable tool to measure and evaluate trunk muscle dimensions.
Methods
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analysis guidelines. 24 Search Strategy A search of the literature was performed in a systematic fashion, using the following key words: "reliability," "sonography," "ultrasound imaging," "trunk muscles," "multifidus," "transversus abdominis," "internal oblique," "within-day," "between-day," "inter-rater," and "intrarater" from June 2007 to August 2017 in different electronic databases, including PubMed/MEDLINE, Scopus, Google Scholar, Science Direct, Embase, Physiotherapy Evidence, Ovid, and CINAHL.
After removing duplicate studies, 2 reviewers (M.T. and F.R.) screened titles and abstracts of all primary articles to determine relevant articles. Then, they evaluated the full text of potentially relevant articles independently to identify eligible articles based on inclusion/ exclusion criteria (Table 1 ). If they did not reach an agreement, a third reviewer (M.A.M.-B.) assessed the eligibility of the articles. A Preferred Reporting Items for Systematic Reviews and Meta-analysis flowchart for the search strategy of this systematic review is presented in Figure 1 .
Quality Assessment
A quality assessment of the included articles was performed by using the scale designed by Hebert et al. 23 This tool is a modified version of a quality assessment questionnaire developed by van Trijffel et al 25 for reviewing the methodological quality of reliability studies. It consists of 10 appraisal questions that evaluate the external validity (items 1-3), internal validity (items 4-8) and statistical method (items 9 and 10) of reliability studies (Table 2 ). All items were equally weighted and scored as "yes," "no," or "unclear" (yes 5 1; no and unclear 5 0). A higher score represents higher methodological quality. Furthermore, in the case of question 3, 5 parameters (including scanning point, amount of contact pressure, muscle state, transducer position, and participant's starting position) were used to determine the replicability of the assessment. Studies that met at least 4 of the 5 parameters obtained a score of yes for question 3.
Studies that received a score of yes on at least 50% of the items were considered high-quality studies. 25 Two reviewers (M.T. and F.R.) assessed the quality of all included studies independently. The level of agreement between the reviewers was calculated by another investigator using j statistics (0-0.29, weak agreement; 0.30-0.59, moderate agreement; 0.60-0.89, good agreement; and 0.90-1, optimal agreement). 26 Furthermore, any disagreement between the reviewers was resolved by the third reviewer (M.A.M.-B).
Data Extraction
To perform descriptive analyses, data were extracted from the original included studies independently by the 2 reviewers (M.T. and F.R.). The extracted data contained the following information: authors, year, description of participants' characteristics (eg, sample size and demographics), rehabilitative US imaging (eg, model and transducer frequency), statistical analyses of reliability assessments (eg, intraclass correlation coefficient [ICC] , standard error of measurement, and minimal detectable change). Then, the reviewers compared their results to achieve uniformity in the extracted data. If there were any disagreement between the reviewers, the final decision was made by the third reviewer (M.A.M.-B.).
Results

Search and Selection
A total of 250 published studies were identified through the electronic search ( Figure 1 ). Of these, 67 duplicate articles were removed. Then 142 articles were excluded after title and abstract screening. Of the remaining 41 articles, 15 were excluded on the basis of full-text screening, and finally, 26 studies were considered eligible for inclusion in this review. Details of the included studies are provided in chronologic order from June 2007 to August 2017 in Table 3 .
Quality Assessment/Data Extraction
The level of agreement between the reviewers seemed to be good (j 5 0.73). The final results of data extraction and a summary of reported ICCs in all included studies are presented in Tables 3 and 4 , respectively. The results of the methodological quality assessment are presented in Table 4 . As shown in Table 4 , the scores of Table 3 ) obtained a score of 50% or greater and were deemed to be highquality articles. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] Intraclass correlation coefficients of 0.75 or greater are assumed to indicate an acceptable level of reliability. 25 The intra-rater reliability of trunk stabilizer muscles was evaluated in all studies the except study by Teyhen et al. 43 Among high-quality studies, the intra-rater reliability was generally in an acceptable range (ICC, 0.70). Of high-quality studies, McPherson and Watson 34 (ICC, 0.62-0.93) and Ehsani et al 29 (ICC, 0.63-0.99) reported intra-rater reliability ICCs that were less than 0.70. The ICCs reported for inter-rater reliability in high-quality studies were greater than 0.70 (0.71-1.00), 32, 38, 42 except for Hoppes et al 39 (0.39-0.79). Also, among low-quality studies, reported ICCs for intra-and inter-rater reliability ranged from 0.26 to 0.99 and 0.68 to 0.97, respectively.
As in 4 studies, the reliability of rehabilitative US imaging was reported within the main study; no data were reported on the sex and body mass index of the patients. 27, [43] [44] [45] Among the included articles, 12 studies evaluated the reliability of rehabilitative US imaging in healthy individuals. [31] [32] [33] [34] [35] 39, 43, [46] [47] [48] [49] [50] Five studies evaluated the reliability in patients with LBP, 27, 28, 30, 40, 42 and 9 studies reported the reliability for both healthy individuals and those with LBP. 29, [36] [37] [38] 41, 44, 45, 51, 52 The range of inter-and intra-rater reliability for each muscle is summarized in Table 5 .
Discussion
This study was designed to systematically review published articles from June 2007 to August 2017 to determine whether rehabilitative US imaging is a reliable method for measuring abdominal and lumbar multifidus muscle dimensions. Results of the reviewed studies indicated that the reliability of rehabilitative US imaging ranged from poor to excellent, and the overall reported reliabilities were in an acceptable range. Lower ICC values were commonly related to unrepresentative samples of participants or examiners, and replication of the assessment procedure was impossible. 45, 52, 53 As presented in Table 4 , 8 of the 9 low-quality articles did not use representative samples of participants and examiners. [43] [44] [45] [46] [47] 49, 50, 52 Furthermore, in all low- High-quality studies.
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One low-quality study reported a very wide range of intra-rater reliability for application of rehabilitative US to assess the external oblique muscle (ICC: 0.11-0.83). 45 Lower ICC values were reported in 2 high-quality studies, which may be attributed to different tasks, loads, and positions while rehabilitative US imaging was performed. 29, 34 Therefore, it is suggested that future reliability studies should focus on representative samples of participants and examiners to obtain higher ICCs. Also, different parameters related to the replicability of the study (including scanning point, amount of contact pressure, muscle state, transducer position, and participant's starting position) should be kept constant.
Among the included studies that measured abdominal muscle thickness, 14 studies 28, 29, 31, [33] [34] [35] [36] [37] 44, 45, 47, 49, 50, 52 used linear transducers, and 8 studies 27, 30, 32, 38, 39, [41] [42] [43] used curvilinear transducers with frequencies of 5-10 MHz (commonly 7.5) and 2-5 MHz, respectively. Also, curvilinear transducers were applied in all studies that measured lumbar multifidus thickness or cross-sectional area, 27, 30, 32, 38, [40] [41] [42] 46 ,48,51 except 1 study, 50 that used a linear transducer. The most commonly used frequencies for measurement of the lumbar multifidus were 5 and 7.5 MHz. 27, 30, 32, 42, 46, 48, 50 In most studies US images were taken at the end of expiration to control the influence of respiration on trunk muscle dimensions. Furthermore, the most popular positions for measurement of abdominal and multifidus muscles were supine or supine hook-lying and prone, respectively. All included studies that measured lumbar multifidus muscle thickness used curvilinear transducers laterally and angled medially to the lumbar spinal process to capture an image of the zygapophyseal joint. Then, the distance between the dorsal edge of the joint and the hyperechoic thoracolumbar fascia was considered the thickness of the muscle. 27, 30, 32, 38, [40] [41] [42] 46, 48, 51 As presented in Table 5 , no published study was found to evaluate inter-and intra-rater reliability of the lumbar multifidus during contraction. Therefore, future studies are recommended to evaluate the intra-rater reliability of rehabilitative US imaging for measurement of lumbar multifidus muscle dimensions during contraction. In 16 included high-quality studies, the reported ICCs for intra-rater reliability ranged from 0.62 to 1.00 in healthy individuals and patients with LBP. Furthermore, the inter-rater reliability reported in high-quality studies ranged from 0.71 to 1.00, except for the study by Hoppes et al 39 (transversus abdominis, 0.39-0.72; internal oblique, 0.52-0.79). This finding might be attributed to images taken by a novice rater. 39 In 14 studies, appropriate estimates of both reliability and precision were reported, 27, 29, [31] [32] [33] 35, 36, [38] [39] [40] [41] [42] 52, 53 and in 6 studies, representative samples of participants and examiners were reported. 29, 30, 38, 40, 42, 51 Some studies mentioned the results for rehabilitative US reliability inside a randomized controlled trial or other main articles. Therefore, some demographic information, such as age, sex, body mass index, and muscle dimension, were not reported. 27, 29, 33, [43] [44] [45] 47, 49 The results of this study are in agreement with a previous systematic review conducted on the reliability of rehabilitative US imaging in the assessment of abdominal and lumbar trunk muscles by Hebert et al. 23 In general, our systematic review indicates that rehabilitative US imaging has acceptable reliability for evaluating abdominal and lumbar trunk muscles at rest and during contraction in individuals with and without LBP, particularly when measurements are taken by experienced examiners. Having a good amount of reliability is clinically valuable, as rehabilitative US imaging is a safe and cost-effective method that can be reliably used for measurement of trunk muscle dimensions compared to other methods, including magnetic resonance imaging and computed tomography. 20 It can be applied both for the assessment of muscle morphologic characteristics in different conditions and to monitor the effectiveness of interventions in a clinical setting. It may be also useful for differentiating people with a certain condition and those at risk from healthy people. Furthermore, using standard and consistent methods for parameters such as the participant's position, determination of the scanning point, and the amount of contact pressure from the transducer in different sessions may improve the results for rater reliability.
There were some limitations in this study. First, only English-language articles were included. Second, the syntax for the search in each database was not defined, and the search was performed by key words. Finally, a meta-analysis was not performed in this study. However, more systematic reviews are needed to evaluate the reliability of rehabilitative US imaging with metaanalyses and fewer limitations.
In conclusion, according to the results of this systematic review, rehabilitative US imaging is a reliable method for evaluating deep abdominal and lumbar trunk muscles at rest and during contraction in healthy individuals and patients with LBP. Because of the lack of methodological consistency between studies using rehabilitative US imaging to measure lumbar and abdominal trunk muscles, different reliability values were reported in previously conducted studies of different quality.
